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Abstract
The frequently used concept of “global reaction” is discussed and the reason for the confusion behind explained. The misconception is cleared
by formula writing based on the donor–acceptor (donac) reaction concept and by applying the Grand Rule of Formula Writing that is based on it.
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1. Introduction
The concept of “global reaction” originates in formula
writing and stoichiometry not being kept apart, which results in
an erroneous mono-reaction formula and loss of degrees of
freedom. The donor–acceptor (donac) method of formula
writing [1] prevents the mistake from being made and does
away with the misleading concept as such. The species being
donated/accepted, Y, can be any molecule, atom or ion (e.g., the
proton for acid–base reactions, the electron for redox
reactions).
According to The Grand Rule of Formula Writing, a donor–
acceptor reaction formula shall not contain more than two con-
jugated donor–acceptor pairs. One starts by specifying the
reactants (chosen) in the initial state of the process to be studied
as well as the products found (chemical analysis) in the final
state.
An area where global reactions often appear is that of ener-
getic materials. The donac method – how it works, what it
means – will now be shown with a couple of examples. As
illustrated by the chlorate example, the donac formula writing
method takes us a little step further, viz., from the empirical
“know how” level to the phenomenological [1] “know why”
level.
2. Air bag composition
A “typical air bag gas generator reaction” [2] is said to be
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(R 1)
R 1 is a global-reaction formula of the process. The donac
formula writing procedure preferably starts by applying “The
Principle of States”, i.e., by specifying the initial state contain-
ing the three reactants and the final state containing the three
products – and residual reactants, if any – found
NaN s Fe O s NaNO s Na O s Fe s N g3 2 3 3 2 2( ) ( ) ( ) ( ) ( ) ( )→, , , , (P 1)
A suitable choice of Y is the oxygen atom, which is donated
by Fe2O3 and NaNO3, whereby Fe(+3) is reduced to Fe(0) and
N(+5) to N(0).
Red I Fe O Fe O: 2 3 2 3→ + (R 2)
Red II NaNO Na O N O: 2 53 2 2→ + + (R 3)
The azide is the acceptor, where N(−1⁄3) is oxidized to N(0).
Ox NaN O Na O N: 2 33 2 2+ → + (R 4)
Combining these half-reactions so that the auxiliary “barter-
ing item”, the oxygen atom, disappears, R 2 + R 4 give the
rule-abiding formula
6 2 3 93 2 3 2 2NaN Fe O Fe Na O N+ → + + (R 5)
The molar nitrogen:azide ratio of R 5 is 9:6 = 1.50:1.
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Likewise, R 3 + R 4 give
5 3 83 3 2 2NaN NaNO Na O N+ → + (R 6)
and the ratio 8:5 = 1.60:1. Thus, the nitrate gives 7% more
nitrogen gas per mole sodium azide than the iron oxide does, or
19% more gas per gram of composition.
The product development task for this life-saving pyrotech-
nic product must be to get as much gas as possible in shortest
possible time. Correct formula writing has now led us to a
question that must have a rational answer, viz., why is the iron
oxide there? A possible answer may be that it acts as a catalyst;
“in shortest possible time” is also an important characteristic of
the composition. If so, one should perhaps start looking for
more effective alternatives that in addition to promoting faster
gas production also “cost” less yield reduction (a lucky strike
would be to find a catalyst increasing the gas production!).
The correct description of the state change – which turned
out to be a poly-reaction process – is R 5 and R 6 in parallel.
Adding them can be done in any ratio. If this be 1:1, for
example, we get (the quotation marks indicate “false”)
11
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Na O s Fe s N g
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(R 7)
and the molar nitrogen:azide ratio 17:11 = 1.55:1. The ratio of
the Laib–Conkling formula R 1, which presumably is the
optimal one, is 44:29 = 1.52:1. This formula is the addition
result of 4 · (R 5) + 1 · (R 6).
With a global formula, a degree of freedom is lost and the
“chemistry” becomes obscure – and the questions promoting
creativity and thus the development work do not present
themselves.
How is the overall stoichiometry of a global “experimental”
formula like R 1 and R 7 found if not by empirical x · (R
5) + y · (R 6) addition? The auxiliary merit of a global formula
is that the molar NaN3:Fe2O3:NaNO3 ratios are perspicuously
given by the chosen stoichiometric numbers, e.g., 29:4:1 for R
1 and 11:1:1 for R 7. For finding the optimal ratios in the
laboratory, various mixes have to be prepared and tested. The
choice of NaN3:Fe2O3:NaNO3 ratios may be facilitated by
understanding that it in fact is a choice of (R 5):(R 6) ratios (i.e.,
of x and y).
3. Pyrotechnic nitrate composition
The following “main reaction formula” appeared in a con-
ference paper [3].
6 4 11 3
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NH NO s C s H O CO g CO g
N g H g
( ) ( ) ( ) ( )
( ) ( )
+ → + +
+ +
(R 8)
We find that it contains five donac pairs, viz.
NH NO N NH NO H NH NO H O
C CO and C CO
4 3 2 4 3 2 4 3 2
2
, , ,
,
where ammonium nitrogen is oxidized from N(−3) to N(0),
nitrate nitrogen reduced from N(+5) to N(0), hydrogen reduced
from H(+1) to H(0) and carbon oxidized from C(0) to C(+2)
and C(+4). The nitrogen atoms in ammonium nitrate are
stoichiometrically coupled to the formal valence of N(+1). With
Y1 = O and Y2 = H, we get one oxygen donor and three oxygen
acceptors
NH NO N H O4 3 2 4 3→ + + (R 9)
C O CO+ → (R 10)
C O CO+ →2 2 (R 11)
2 2H O H O+ → (R 12)
2 2H H→ (R 13)
Cancelling the bartering objects by the following operations
R R R9 10 2 11( ) ( ) ( )+ + ×
R R R R9 11 12 13( ) ( ) ( ) ( )+ + +
R R R and9 3 10 2 13( ) ( ) ( )+ × + ×
2 9 11 4 12× + + ×( ) ( ) ( )R R R
gives the poly-reaction scheme
NH NO C N H O CO4 3 2 22+ → + + (R 14)
NH NO C N H H O CO4 3 2 2 2 2+ → + + + (R 15)
NH NO C N H CO4 3 2 23 2 3+ → + + (R 16)
2 2 44 3 2 2 2NH NO C N H O CO+ → + + (R 17)
R 14 through R 17 can be added to a global reaction in any
relation by multiplying them by a, b, c, d, respectively. As far as
R 8 is concerned, the stoichiometric relations between them are
a + b + c + 2d = 6 (for NH4NO3 and N2), a + b + 3c + d = 4 (C),
2a + b + 4d = 11 (H2O), a + 3c = 1 (CO), b + d = 3 (CO2) and
b + 2c = 1 (H2). Despite the fact that the equation system is
redundant, solving for the 4 unknowns is not possible due to
interrelations. Selecting the fourth, fifth and sixth equations
only, we get the relations d = 3 − b, a = 1 − 3c and b = 1 − 2c.
Choosing a = 1, we finally get b = 1, c = 0 and d = 2, giving
R 8. Thus, R 14 and R 15 account for 25% each of the process,
R 17 for 50%.
Even if R 8 happens to reflect the correct product distribu-
tion according to a certain set of quantitative analysis data, it
should be obvious – and good to know – that the product
distribution depends on the prevailing conditions of the study.
Degrees of freedom have been lost – obviously without the
writer being aware of it.
With correct formula writing, we are faced with an interest-
ing, practical question: What determines the reaction ratios, i.e.,
the multiplication factors a, b, c and d?
4. Electrochemical chlorate formation [4,5]
The overall reaction formula of the electrochemical process
KCl s H O KClO c H g( ) ( ) ( )→, ,2 3 2 (P 2)
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is KCl s H O KClO c H g( ) ( ) ( )+ → +3 32 3 2 (R 18)
The electrolysis part is (note that Cl2 is a solute)
2 2 22 2 2Cl H O Cl H g OH
− −+ → + +( ) (R 19)
preferably followed in a separate reactor by
Cl OH ClO Cl H O2 22+ → + +− − − (R 20)
Here the last main-road process, the Balard autoxidation
reactions, occurs ([5], p. 2)
ClO HClO ClO Cl H− − − ++ → + +2 2 23; (R 21a)
2 23ClO HClO ClO Cl H− − − ++ → + +; (R 21b)
If R 20 were allowed to occur in the electrolyte, the follow-
ing “one and only” yield-decreasing by-reaction – as main-
tained in the literature – takes place at the anode.
6 3 2 4 6 1 5 62
3
2ClO H O ClO Cl H O g e
− − − + −+ → + + + +( ); .
(R 22)
This formula of electrochemical chlorate formation was
given by the German chemists Foerster and Müller in 1902 [6].
Forty-three years later and in another country, the Spaniards
Rius and Llopis published their “stoichiometry” [7].
5 8 3 2 16 2 162
3
2ClO H O ClO Cl H O g e
− − − + −+ → + + + +( );
(R 23)
The chlorate yield of R 22 is 66.7% (only 6 O atoms out of
9 give chlorate, 3 are lost as O2), the corresponding yield of R
22 is 69.2% (9 O out of 13) [8].
In a textbook on electrochemistry, this disturbing disagree-
ment caused the footnote comment that if the Spaniards’ result
is confirmed by further experiments, “then the theoretical data
for the current yield, as given by Foerster and Müller, must be
corrected”.
There is nothing to correct as far as R 22 as such is
concerned.
Both R 22 and R 23 contain three donac pairs, which is two
too many. As a consequence, three electron reaction formulas
are required for describing the process.
ClO H O H Cl ClO H g O g− + − −→ ( ) ( ), , , , ,;2 3 2 2 (P 3)
viz.
2 4 42 2H O O g H e→ + +( ) + − (R 24)
ClO H O ClO H e− − + −+ → + +2 4 42 3; (R 25)
ClO H O e Cl OH− − − −+ + → +2 2 2 (R 26)
In the reaction formulas from 1902 and 1945 these electron
(but not necessarily electrode) reactions have been inconsider-
ably added. With The Grand Rule in mind, it goes without
saying that the product distribution varies with the test condi-
tions, and that it is very unlikely that they should have been the
same in Spain 1945 as they were in Germany 1902 – or in any
other study, for that matter.
A question that now presents itself is: what is the yield-
reducing process, then? Noting that R 26 is a cathode reaction,
if any, and not a chlorate producing reaction makes R 25 alone
look like a possible electrochemical chlorate formation candi-
date. It is to be noted that the yield of this reaction is 100%!
Remains R 24 to account for the reduction; the percentage
could – at least in principle – be anything.
Among the yield-reducing processes of R 18 is, of course,
Cl2 → Cl2(g).
5. Conclusion
Erroneously written and thought-hampering “global reac-
tions”, as now discussed, is just one example of the need to
“increase our knowledge”, as the Scottish philosopher W. A.
Sinclair puts it. He writes ([9]): “To increase our knowledge is
to alter for the better our ways of ‘selecting’ and ‘grouping’
[10]; to notice it in ways which are new to us, and probably
strange”. And further: “we move from one to another without
noticing it”, which is exactly what led to “global reaction”.
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